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DESIGN AND FABRICATION OF SILVER-HYDROGENCELLS

M. G. Klein

1. SUMMARY

This report presents the results obtained under a Research
and Development contract for the development and fabrication of
silver-hydrogen secondary cells. The program consisted of an
experimental task utilizing single electrode pairs for the opti-
mization of the individual electrode components, the preparation
of a design for lightweight 20Ahr cells and the fabrication of
four 20Ahr cells in heavy wall test housings containing electrode
stacks of the lightweight design for delivery to NASA Lewis.

The active elements consist of a PFE fuel cell anode and NASA
Astropower Separator Material which were GFE, an inter-cell electro-
lyte reservoir and sintered silver electrodes. The 20Ahr cell

design utilized the cylindrical cell concept in which a stack of

disc electrodes is contained. The free volume within the cylinder

accommodates the hydrogen gas which is generated on charge_ The

individual electrode pair tests demonstrated the initial perfor-

mance capabilities of the system and led to the selection of a

.076cm (30 mil) thick silver electrode for the final cell design.

Four 20Ahr cells in heavy wall housings were assembled and sub-

jected to five acceptance cycles and demonstrated rated performance.

2 . INTRODUCTION

This report is submitted to NASA/Lewis under Contract

NAS3-18543 for the design and fabrication of silver-hydrogen

secondary cells that are capable of delivering higher energy

densities than comparable nickel-cadmium and nickel-hydrogen cells

and relatively high cycle life. The cells should also be capable

of being insensitive to overcharge and overdischarge. The design

approach is based on the use of a single cylindrical self-contained

cell with a stacked disc sequence of electrodes. The electrode

stack design is based on the use of NASA - Astropower Separator

Material, PPF fuel cell anodes, an intercell electrolyte reservoir

concept and sintered silver electrodes. The overall 9 month pro-

gram was broken down into the following tasks.



TASK I - Design

The preparation of an initial paper design of a single 20Ahr

silver-hydrogen cell.

TASK II - Design Testing

The experimental investigation of single electrode test cells

for the demonstration of feasibility of performance and the opti-

mization of the individual electrode components.

TASK III- Final Design

The updated of the 20 ampere-hour cell design based on the

experimental results obtained in Task II.

TASK IV - Fabrication and Assembly

The fabrication and assembly of four 20 ampere-hour cells in

conformance with the final design of Task III.

TASK V - Acceptance Testing

The conducting of electrical acceptance testing on the four

cells which were then delivered to NASA/Lewis.

TASK VI - Reliability and Quality Assurance

The maintenance and calibration of test and data acquisition

equipment, materials control, and preparation of materials and

process sepcifications.

3. RESULTS AND DISCUSSION

Design Testing

In order to assist in the selection of a silver-hydrogen

multi-electrode cell design, a series of experiments were conducted

in heavy wall housings which contained one silver electrode and two

hydrogen electrodes. Figure 1 shows a photograph of the test

housing used. It consists of a lid and a base which has a cavity

where the electrodes and hydrogen gas is contained. The lid

contains two insulated feedthroughs, a pressure gauge, a valve

and O-ring seal for easy disassembly.



FIGURE 1 SINGLE ELECTRODE TEST CELL



The object of these test cells was to demonstrate feasibility

' of the electrodes matrix reservoir sandwich, filling procedures

and to optimize the individual components. The initial group of

cells was classified as "shake-down tests." Table 1 shows the con-

struction variables of the cells fabricated during the program.

Cell 001 consisted of two hydrogen electrodes of the PPF type

which are fuel cell type electrodes manufactured by Pratt & Whitney

and supplied to ERC by NASA/Lewis. Separator 015 and 106.

One lot of fuel cell electrodes was used for the entire

program (PCJ-560). The electrodes are Teflon bonded platinum

black layer (9 mg/cm 2) on a silver plated nickel screen of

approximately 100" x 100" mesh. The electrodes were stamped into

the standard test size a 6.10cm (2.4") diameter with two flat

chords 4.5cm (1-3/4") for current take offs.

The separator material consisted of one layer of NASA - Astro-

power separator .4mm thick (.016-.016") supplied by NASA/Lewis to

ERC. One lot of separator was used for the entire program

(#3DI574B). The separator was punched with an extended edge over

the cell electrodes of .158cm (1/16"). The silver electrode was

of sintered powdered type containing a silver expanded metal fabri-

cated at ERC. The initial silver electrodes contained a spot-

welded silver wire as the current take off. The electrolyte

reservoir was fabricated from porous sintered nickel plaque nominally

.066cm(.026") thick 78% porous. The initial reservoir plaques

contained integral nickel screen 20 x 20 x .018cm (.007") which

was available at the start of the program. A flow field was coined

into one side of the electrolyte reservoir by pressing a piece of

20 x 20 x .018cm (.007") screen into the nickel sinter at a

pressure of 4,546Kg (i0,000 lb.). The electrolyte reservoirs

weigned typically 3.5 grams and has an electrolyte takeup of

approximately i.i grams.

The cell stacking sequence consisted of a plastic endplate,

the electrolyte reservoir, the fuel cell hydrogen electrode, the

Astropower separator material with the ceramlc side facing the

fuel cell electrode and the silver electrode and then a repeating

sequence on the other side of the silver electrode.

The cell was assembled between two plastic endplates and

vacuum filled with 30% KOH and then subjected to a soak period

overnight at 80°C. The cell was then charged in free electrolyte

for 20 hours at .2 amperes. The cell was then removed from the

free electrolyte, towel dried, assembled in the boilerplate

assembly, pressurized to 300psi hydrogen and put on a .5 ampere

discharge.
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Table II shows a summary of the test results. On the first

discharge the cell only delivered 1.08 ampere-hours. The cell

was'disassembled and inspected. The hydrogen electrode and the

electrolyte reservoir were found to be very wet with the electro-

lyte. The cell was reassembled by adding another separator layer

of asbestos which had been presoaked in electrolyte against the

fuel cell electrode face and new hydrogen electrodes. The results

were slightly improved but still poor.

Cell #002 was similar in construction to cell 001. The test

results are shown in Table III and were similar to cell 002. After

the first discharge, the separator was replaced with asbestos.

After the second cycle the cell was found to be shorted.

Apparently, by charging the cells in free electrolyte the

reservoir is full of electrolyte at the start of the first charges.

As water is formed on the hydrogen electrode during the discharge,

it doeslnot transfer through the separator rapidly enough and

results in hydrogen electrode flooding.

Cells #003 and 004 were similar in construction to cells 001

and 002 and were initially vacuumed filled with 25% potassium

hydroxide electrolyte and soaked for 16 hours at 80°C. However,

they were then removed from the free electrolyte, towel dried,

assembled into the test cells, and put on the initial charge_
The results of these cells are shown in Tables IV and V. The

performance of both of these cells was acceptable and they exhibit

flat operating voltages to the end of their capacity. The cells

give relatively stable output over the discharge current range

from .5 amps to 2 amps at a silver utilization of approximately

2.7 grams per ampere-hour.

To complete the shakedown testing, both cells were placed on

an automatic cycle for 5 cycles which consisted of 10.8 hour

charge at 2150 milliamps and a 1.2 hour discharge at 2 amps. The
results of the cells are as shown in Tables IV and V. After

testing the cells were disassembled and examined. A final wet

weight of the cells was taken and a weight loss was observed as

shown in Table I. This is not considered critical since it is

expected during initial testing some electrolyte will be ejected

from the cell. Meaningful electrolyte loss could only be deter-

mined over extensive cycle testing which was beyond the scope of

this program. Based on acceptable performance of Cells 003 and

004 the shakedown tests were considered complete and the next

group of cells were directed at evaluating various separator edge
seals.

Cells 005 and 006 contained a heat shrink edge band on top of

the separators. Cells 007 and 008 had a frame of .15cm (.060")

width that was epoxy cemented between the two separator layers
around the silver electrode and Cells 009 and 010 contained a

.13cm (.050") separator extended edge without any edge seal.



TABLE II

TEST RESULTS OF CELL #001

Cycle

CI

DI

C2

Current Capacity Pressure Pressure

(Amps) (Ah) (Start) (Finish)
(psi) (psi)

.2 4 ......

.5 1.08 300 210

.2 3.2 150 325

End

Voltage

(Volts)

1.71

.75

1.80

D2 .5 2.4 325 165 .75

C3 .25 165 365 1.83

D3 .5 3.33 365 90 .75

C4 .25 4.0 90 355 i.83

D4 .5 3.33 355 85 .75

Comments

Added Asbest

layer and Ne

H2 Electrode



TABLEI I I

TESTRESULTSOF CELL #002

Cycle Current Capacity Pressure Pressure

(Amps) (Ah) (Start) (Finish)

(psi) (psi)

C1 .2 4 .......

D1 .5 .625 300 245

D1 cont. .5 .79 300 260

C2 .2 3.2 150 200

D2 .5 .33 200 125

End

Voltage

(volts)

1.71

.75

.75

1.84

.70

Comments

Replaced Sep.

with Asbestos

I0



Cycle

C1

D1

C2

D2

C3

D3

C4

D4

C5

D5

C6

D6

C7

D7

C8

D8

C9

D9

C10

DI0

TABLE IV

TEST RESULTS OF CELL #003

Current Capacity Pressure Pressure

(amps) (Ah) (Start) (Finish)
(psi) (psi)

.i 4.9 50 280

.5 2.7 280 50

.2 3.2 50 300

2 2.56 300 100

.5 3.2 50 270

1.75 2.77 270 50

.2 3.2 50 285

1.25

.2

.5

.25

2

.25

2

.25

2

.25

2

.25

2

3.4

3.2

3.2

2.7

2.4

2.7

2.4

2.7

2.4

2.7

2.4

2.7

2.9

60

60 3.0

310 50

End

Voltage

(volts)

1.69

.75

1.74

.75

1.77

.75

1.B0

.75

1.75

.75

1.8

.95

1.8

.95

1.B

.95

1.8

.95

1.8

.75

Comments

Fixed Hydrogen

Leak in Test

Cell

ii



TABLEV

TESTRESULTSOF CELL #004

Cycle

Cl

D1

C2

D2

C3:

D3

C4

D4

C5

D5

C6

D6

c7

D7

C8

D8

C9

D9

Cl0

DI0

Current

(Amps)

.1

.5

.2

2

.2

1.75

.2

1.25

.2

.5

.25

2

.25

2

.25

2

.25

2

.25

2

Capacity

(Ah)

4.9

3.12

3.2

2.9

3.2

3.4

3.2

3.3

3.2

3.12

2.7

2.4

2.7

2.4

2.7

2.4

2.7

2.4

2.7

3.0

Pressure Pressure

(Start) (Finish)

(psi) (psi)

50 350

350 50

50 350

350 50

50 350

350 60

50 330

330 50

50 320

320 40

End

Voltage

(volts)

1.77

.75

1.70

.75

1.74

.75

1.72

.75

1.71

.75

1.7

1.9

1.8

1.0

1.8

1.0

1.8

.95

1.8

.75

Comments

12



The results of these cells are shown in Tables VI through XI. From

the test results, it did not appear that any significant differences

in performance resulted from the various edge seals. Cell 010 did

develop a short on the third cycle which resulted in the discon-

tinuation of its test. An examination of that cell revealed that

in the assembly, the separator layer was off center, allowing for

a contact between the positive and negative electrodes. This is

not considered to be a poor reflection on the extended edge seal

concept. With proper care that type of edge can be managed. Cells

005 and 006 with the edge band did have an unreacted dark silver

oxide _one under the edge band, but the capacity outputs didn't

show significant differences. No indications of any internal

reactions were observed in any of the cells. Based on results

obtained from other metal-gas program, it appears desirable to

keep the positive electrode open such that no oxygen accumulations

are possible. Therefore, the extended edge separator seal is
favored and was selected for use in further rest cells. Questions

concerning the possibility of silver bridging with the extended

edge approach still remain. In the testing done thus far, no

silver bridging was observed. At this point it could only be

verified by extened cycle testing.

Figure 2 shows a family of discharge curves at the different

rates tested for Cell 009. The operating voltages and capacity

output can be considered fairly typical and representative of all

the cells with similar construction, Cells 003 through 010. Cells

009 and 010 contained inter-cell electrolyte reservoirs that were

fabricated specifically for the program and were sintered nickel

powder which contained no screen. There didn't appear to be any

difficulty in utilizing these electrolyte reservoirs and they

performed satisfactorily.

The next series of test cells was directed at evaluating

different silver electrode thicknesses. The characteristics of

the individual silver-electrode as a function of thickness is a

key factor in dictating the number of electrodes required for the

20Ahr cell design.

Cells 011 and 012 contain silver electrodes that were approxi-

mately twice as thick as the electrodes previously tested. The

cells also incorporate thicker electrolyte reservoirs to store more

electrolyte. Test results of these cells as shown in Table XII

and XIII. It was initially intended to run these cells at twice

the current as the previous test cells to keep the discharge

periods the same. However, on the second discharge when the dis-

charge current was to have been 4 amps, both cells exhibited an

operating voltage below .75 volts at the start of the discharge.

Therefore, the discharge current was reduced to the 2 amp level

and the remaining tests were conducted at lower operating currents.

The cells gave good capacity utilization of the silver at lower rates

of discharge, but po_r output at the higher current rates to the

.75 volt endpoint. These results showed that l. Smm (.070") thick

13



TABLE VI

Test Results of Cell #005

Cycle Current Capacity Pressure Pressure

(Amps) (Ah) (Start) (Finish)

(psi) (psi)

Cl .1 4.6 50 410

D1 . 500 3.73 410 60

C2 .200 3.11 80 360

D2 i. 25 2.93 360 80

C4 .2 3.09 80 360

D4 . 5 3.1 360 60

C5 .2 3.2 60 350

.5

.25

2

.25

2

.25

2

.25

2

.25

2

D5

C6

D6

C7

D7

C8

D8

C9

D9

CI0

DI0

2.72

2.7

2.4

2.7

2.4

2.7

2.4

2.7

2.4

2.7

2.9

310 60

End

Voltage

(volts)

1.68

.75

1.66

.75

1.66

.75

1.47

.75

1.70

1.05

1.80

1.05

1.80

1.05

1.80

1.05

1.80

.75

Comments

Open Circuit
For 72 Hours

14



TABLEVII

Test Results of Cell #006

Cycle Current Capacity Pressure Pressure
(Amps) (Ah) (Start) (Finish)

(psi) (psi)

C1 .i 4.6 50 390

D1 .5 3.72 390 60

C2 .2 3.11 80 345

D2 1.25A 2.93 345 80

C4 .2 3.09 80 340

D4 .5 3.11 340 75

C5 .2 3.20 75 350

.5

.25

2

.25

2

.25

2

.25

2

.25

2

D5

C6

D6

C7

D7

C8

D8

C9

D9

Cl0

DI0

2.72

2.7

2.4

2.7

2.4

2.7

2.4

2.7

2.4

2.7

3.0

305 70

End

Vo itage

(volts)

1.68

.75

1.66

.75

1.67

.75

1.65

.75

1.7

1.0

1.8

1.0

1.8

1.0

1.8

1.0

1.8

.75

Comments

Open Circuit

For 48 Hours

15



TABLEIXX

Test Results of Cell #007

Cycle Current Capacity Pressure Pressure
(Aalps) (Ah) (Start) (Finish)

(psi) (psi)

C1 .i 4.69 50 310

D1 .5 2.74 310 60

C2 .2 3.20 60 345

D2 2A 2.80 345 85

C3 .2 A 3.20 80 370

D3 1.25A 3.12 370 80

C4 .2 3.12 80 375

D4 .5 3.07 375 60

C5 .2 3.12 60 340

D5 .5 3.06 310 60

.25

2

.25

2

.25

2

.25

2

.25

2

C6

D6

C7

07

C8

08

C9

D9

CI0

DI0

2.7

2.4

2.7

2.4

2.7

2.4

2.7

2.4

2.7

3.0

End
Voltage
(volts)

1.60

.75

1.76

.60

1.75

.75

1.76

.75

1.64

.75

1.70

1.05

1.70

1.05

1.70

1.05

1.70

1.05

1.70

.75

Comments

Open Circuit
For 48 Hours

16



TABLE IX

Test Results of Cell #008

Cycle Current Capacity Pressure Pressure
(Amps) (Ah) (Start) (Finish)

(psi) (psi)

C1 .I 4.69 50 290

D1 .5 2.79 290 60

C2 .2 3.20 60 310

D2 2 A 2.80 310 75

C3 .2 3.20 75 340

D3 1.25 3.12 340 70

C4 .2 3.12 70 340

D4 .5 3.07 340 50

C5 .2 3.12 50 300

.5

.25

2 A

.25

2

.25

2

.25

2

.25

2

D5

C6

D6

C7

D7

C8

D8

C9

D9

CI0

DI0

2.72

2.7

2.40

2.7

2.40

2.7

2.40

2.7

2.40

2.7

3.0

275 60

End

Vo i tag e

(volts)

1.25

.75

1.74

.70

1.76

.75

1.76

.75

1.72

.75

1.80

1.0

1.80

1.0

1.80

1.0

1.80

1.0

1.80

.75

Comments

Open Circuit

For 48 Hours

17



TABLEX

Test Results of Cell #009

Cycle Current Capacity Pressure Pressure

(Amps) (Ah) (Start) (Finish)

(psi) (psi)

C1 .i 4.8 50 335

D1 .5 3.06 335 60

C2 .2 3.21 60 355

D2 2 2.90 355 i00

C3 .2 3.21 I00 375

D3 1.25 3.06 375 75

C4 .2 3.21 75 365

D4 .5 3.10 365 70

C5 .2 3.2 70 320

1.25

.25

2

.25

2

.25

2

.25

2

.25

2

D5

C6

D6

C7

D7

C8

D8

C9

D9

C10

DI0

2.3

2.40

2.70

2.40

2.70

2.40

2.70

2.40

2.70

2.80

280 60

End

Voltage

(volts)

1.70

.75

1.71

.75

1.75

.75

1.75

.75

1.64

.75

1.75

1.02

1.75

1.02

1.80

1.08

1.75

1.02

1.75

.74

Comments

Open Circuit
For 168 Hours

18



TABLE XI

Test Results of Cell #010

Cycle Current Capacity Pressure Pressure
(Amps) (Ah) (Start) (Finish)

(psi) (psi)

Cl .1 4.8 50 310

D1 .5 2.0 310 ii0

C2 .2 3.2 110 355

D2 2 2.40 355 155

End
Voltage
(volts)

1.70

.75

1.74

.75

Comments

Short
Developed

19
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TABLE XII

Test Results of Cell #011

Cycle Current Capacity Pressure Pressure
(Amps) (Ah) (Start) (Finish)

(psi) (psi)

Cl 200mA 9.6 0 360

D1 1 A 6.1 600 80

D1 1 A 6.1 600 80

C2 400mA 6.5 80 595

D2 2 A 595 160

End

Voltage

(volts)

1.76

.75

.75

1.82

.75

C3 400mA 6.4 160 650 1.83

D3 1.25 7.9 650 50 .75

C4 400mA 6.8 50 595 1.82

D4

C5

D5

C6

D6

C7

D7

C8

D8

C9

D9

4.4

2.7

2.4

2.7

2.4

2.7

2.4

2.7

2.4

2.7

4.2

490 ii02 A

250mA

2 A

.250

2

.250

2

.250

2

.250

2

.75

1.70

.90

1.70

.90

1.70

.85

1.70

.95

1.70

.75

Comments

Cell leaked

repair filled
6O0

started at

4 Amps

Open Circuit

for 72 Hours

21



Cycle

C1

D1

C2

D2

C3

D3

C4

D4

C5

D5

C6

D6

C7

D7

C8

D8

C9

D9

Current

(Amps)

200mA

1 A

400mA

2 A

TABLE XIII

Test Results of Cell #012

Capacity Pressure Pressure
(Ah) (Start) (Finish)

(psi) (psi)

9.6 0 650

6.78 650 50

6.2 50 590

590 140

End

Voltage
(volts)

1,76

.75

1.S1

.75

400mA 6.4 140 660 1.83

1.25A 7.7 660 90 .75

400mA 6.8 90 650 1.82

4.4

2.7

2.4

2.7

2.4

2.7

2.4

2.7

2.4

2.7

4.1

520 1302A

250mA

2 A

250mA

2 A

250mA

2 A

250mA

2 A

250mA

2 A

.75

1.65

.80

1.65

.80

1.65

.80

1.65

.80

1.65

.80

Comments

Started at

4 Amps

Open Circuit
for 72 Hours

22



silver electrodes may be useful for lower rate batteries requiring

discharge durations above the 3 hour rate but would not be useful

for the synchronous mission (1.2 hour discharge).

Cells 013 and 014 had .125cm (.050") and .124cm (.049") thick

silver electrodes. The results of these cells are shown in Tables

XIV and XV. Here too, the operating voltages were low at the high

current but the capacity utilizations were acceptable.

Cells 015 and 016 contained .063cm (25 mil) silver electrodes.

The cells performed normally as shown in Table XVI and were the last

in the series in electrode thickness studies.

Based on the results obtained for the silver electrode thick-

ness, an analysis was made to select a silver thickness for the

final cell design and further variable testing. The key factor

that distinguished the silver electrode thickness results was

operating current density which had a substantial effect on the

cell voltage. Figure 3 shows the typical voltage, current

characteristics of the silver-hydrogen cell. From an analysis of

cell weight and operating voltage, the maximum energy density is

obtained in a current density range between 35 and 45 mA/sq cm.

Since the resultant cell energy density is relatively flat in

this range, it was decided to select the lower operating current
which will favor the thermal and life characteristics of the cell.

Therefore, for a 1.2hr. discharge regimen, the 20Ahr cell design

will incorporate i0 silver electrodes each silver electrode

nominally .076cm (.030") thick. Each electrode will be of a disk

shape previously used to fit into a 6.35cm ( 2 1/2") diameter

cyclinder.

Cells 017 and 018 were the first cells built with the .076cm

(.030") silver electrodes. Some difficulty was encountered in

initially filling the cells due to a poor vacuum apparatus and

they exhibited initially poor performance. The testing was dis-

continued and the same variables were later rebuilt.

Cells 0]9 and 020 also contained the .076cm (.030") nominal

silver electrode, but were built without any electrolyte reservoir.

In the place of the electrolyte reservoir was a polypropylene

plastic gas diffusion screen to allow hydrogen access to the back-

side of the fuel cell electrodes. The results of these cells were

similar to cells without the reservoirs and showed very good perfor-

mance. Figure 4 shows the family of discharge curves at different

rates for cell 020. Based on the promising results of cells 019

and 020, cell 021 was built with 2 silver electrodes stacked in

parallel to initiate the studies of multi electrode constructions.
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TABLE XIV

Test Results of Cell #013

Cycle Current Capacity Pressure Pressure

(Amps) (Ah) (Start) (Finish)

(psi) (psi)

C1 .15 7.9 0 500

D1 .75 4.9 500 70

C2 .3 4.8 70 485

D2 3 3.75 485 ii0

C3 .3 4.8 ll0 515

D3 1.80 4.7 515 i00

End

Voltage

(volts)

1.72

.75

1.76

.75

.78

.75

Comments
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TABLEXV

Test Results of Cell #014

Cycle Current Capacity Pressure Pressure
(Amps) (Ah) (Start) (Finish)

(psi) (psi)

C1 .15 7.9 0 470

D1 .75 4.66 470 60

C2 .3 4.8 60 475

D2 3 3.3 475 180

C3 .3 4.8 180 510

D3 1.80 4.2 510 150

End

Voltage

(volts)

1.72

.75

1.72

.75

1.85

.75

Comments
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Cycle

Cl

D1

C2

D2

C3

D3

C4

D4

C5

D5

C6

D6

C7

D7

C8

D8

C9

D9

CI0

DI0

TEST

Current

.i

.5

.2

2

.2

1.2

.2

.5

.2

1.2

.2

1.8

.2

1.8

.2

1.8

.2

1.8

.2

1.8

RESULTS

Ahr

3.5

2.8

3.0

2.6

3.0

2.6

3.0

2.7

3.0

2.0

3.0

2.1

2.4

2.1

2.4

2.1

2.4

2.1

2.4

2.5

TABLEXVI

OF CELL #015 and

#015

P P
i 2

50 300

300 60

60 300

3O0 70

70 300

300 75

75 310

310 70

70 310

260 60

V

1.70

.75

1.75

.75

1.75

.75

1.75

.75

1.75

.75

1.75

1.02

1.75

1.02

1.75

1.02

1.75

1.02

1.75

.75

016

Ahr

3.5

2.6

3.0

2.5

3.0

2.5

3.0

2.6

3.0

2.0

3.0

2.1

2.4

2.1

2.4

2.1

2.4

2.1

2.4

2.4

#016

P P
! 2

50 290

290 50

50 300

300 80

80 300

300 75

75 305

305 75

75 300

240 55

V

1.70

.75

1.75

.75

1.75

.75

1.75

.75

1.75

.75

1.75

1.02

1.75

1.02

1.75

1.02

1.75

1.02

1.75

.75
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This assembly was put together to evaluate any complications

in multi-electrode stacking. The cell was subjected to a series of

electrical tests at twice the currents normally used for a single

electrode cell. The results were acceptable as shown in Table XVII

however, the operating voltage was found to be 50 - i00 milli

volts lower than anticipated. A review of the construction showed

that the insulated feedthroughs in the test housing were inadequate

to carry the test currents and high IR drops were observed.

Accounting for the IR drops the operating performance was con-

sidered normal and the testing was discontinued to use the boiler-

plate for other test cells. Cells 022 and 023 consisted of .076cm

(30 mil) silver electrodes and the (.056cm) (22 mil) electrolyte

reservoris for further comparison and verification testing of the

.076cm silver electrode with the reservoir. These cells were put

through the entire test sequence and showed stable performance

similar to previously observed as shown in Table XVII!. Since in

the initial cycling of the cells it is not possible to determine

effects of electrolyte reservoir on the cell performance, it was

decided not to continue the electrolyte reservoir tests.

The next series of cell tests was directed at electrolyte

concentration studies. Cells 024, 025, 028, 029, 030, and 031

were put through the standard test regime consisting of discharges

at a .5 amps, 1.60 amps and 2 amps. Based on the initial test

results, there was no substantial difference in the operating

voltage or the capacity output from the cells as shown in Table XIX

This result was somewhat surprising, but apparently with the

quantity of electrolyte employed, the cell size and test condition

we were not in a limiting range.

There are conflicting considerations in selecting the optimum

electrolyte concentration. Lower concentration KOH is favored

since it contains a larger fraction of water and therefore, is

less subject to concentration changes. From a thermal standpoint,

the higher KOH concentration [s favored because this has a lower

vapor pressure and minimizes potential water condensation problems

in the cell. From a conductivity standpoint, 33% electrolyte is

the most conductive. On the basis of the testing done and silver-

zinc battery history, the greatest _aount of experience exists

with 30 to 35% KOH. Therefore, in the absence of any other input,

we selected 30% KOH electrolyte to be used in the final cells.

Cells 026 and 027 contain 30% electrolyte and they were con-

structed to analyze the contribution that the electrolyte reservoir

makes to the cell. The cells were assembled, filled in the normal

manner and given one charge and rapidly disassembled and the electro-

lyte reservoirs were removed from the cell and the KOH concentration

was analyzed. A problem occurred in the analysis of the IER from

cell 026 and no results were obtained. For cell 027 the electro-

lyte concentration was determined by titration to be 36% which means

that the electrolyte reservoir was contributing a significant
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TABLE XVI I

TEST RESULTS OF CELLS #021

Cycle Current Capacity Pressure Pressure

(Amps) (Ahr) (Start) (Finish)

(psi) (psi)

Cl .15 7 0 460

D1 1 4.8 480 25

C2 . 3 5.0 25 500

D2 2 4.8 500 40

C3 .3 5.0 40 490

D3 2 . 5 4 .4 490 60

C4 . 3 5 .0 60 490

D4 1 4.5 490 50

End

Vo itage

(Volts)

1.7

.5

1.75

.5

1.75

.5

1.75

.5

Comments
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Cycle

Cl

DI

C2

D2

C3

D3

C4

D4

C5

D5

C6

D6

C7

07

C8

D8

C9

D9

CI0

DI0

Current

.i

.5

.2

2

.2

1.6

.2

.5

.2

1.6

.22

1.6

.22

1.6

.22

1.6

.22

1.6

.22

1.6

TABLEXVIII

TEST RESULTSOF CELLS#022 and 023

Anr

3.5

2.9

3.0

2.3

3.0

2.5

3.0

2.6

3.0

1.7

2 2

2 0

2 2

2 0

2 2

2 0

2 2

2.0

2.2

2.5

Cell 022

P P V Ahr
1 2
50 300 1.70 3.5

300 50 .75 2.9

50 310 1.75 3.0

310 70 .75 2.4

70 300 1.75 3.0

300 60 .75 2.5

60 310 i.75 3.0

310 75 .75 2.5

75 315 1.75 3.0

260 50 .75 1.8

1.75

1.04

1.75

1.03

1.75

1.03

1.75

1.03

1.75

.75

Cell 023

P P: 2
50 305

305 50

50 310

310 60

60 300

300 50

50 320

320 70

70 310

280 55

V

1.70

.75

1.75

.75

1.75

.75

1.75

.75

1.75

.75
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4. FINAL DESIGN

Based on the results of single electrode cell tests and other

metal-gas experience, a 20Ahr cell design was prepared.

4.1 Cell Description

Figure 5 shows the sectional drawing of the 20Ahr silver-

hydrogen cell. The cell housing consists of a cylindrical tube

section and two hemispherical domes. In each of the hemispherical

caps one insulated feedthrough is provided. In addition, the

negative feedthrough provides for a gas access to the cell for

purposes of filling the cell with gas and checkout. The electrodes

are stacked between two plastic endplates and are anchored to the

cell housing by means of four tierods. The void volume within

the cell housing is sized to accommodate the desired operating

pressure for the cell's rated capacity. The electrode stack con-

sists of a repeating sequence of layers as shown in Figure 6

consisting of the electrolyte reservoir, hydrogen electrode,

separator material, silver electrode, separator material, hydrogen

electrode, and electrolyte reservoir. Tabs are spot welded to

the respective electrodes and brought out the sides of the electrode

stack. These tabs are then connected to the respective terminal

rods by means of silver brazing• The electrode stack tierods are

anchored by means of spot welding to the two ends of the cell

housing• The assembly sequence is as follows:

• The electrodes in their proper sequence are stacked between the

endplates and tierods.

2. The tierods are tightened on the stack to the desired stack

height.

. The respective positive and negative tabs are bent and groomed

to fit along the electrode stack•

4. The terminal rods are brazed to the stack tabs.

• The electrode stack is assembled in the cylindrical section

of the housing and the anchoring tabs are spot welded to the

ends of the cylindrical housing.

6. The domes are fitted to both sides of the cell housing.

• The compression fittings are welded into the domes and the domes

are welded onto the tubes•

8. The cell assembly is proof and leak tested.
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.

10.

ii.

12.

13.

The cell assembly is back filled by means of vacuum with excess

electrolyte.

The assembly is given a soak period of 16 hours at 80°C.

The excess electrolyte is drained from the cell.

The cell is put on a formaLion charge at .7 amps for 50 hours.

The cell is backed filled with hydrogen to 3,447KN/m 2 (500 psi)

and subjected to the first discharge at 5 amps to a .75 volt

endpoint.

4.2 Electrode Stack

The following sections describe the design and fabrication by

doctoring a fine silver powder, Handy and Harmon all _owder number

130, onto a moving belt to a desired height. Silver expanded metal

(SAg 5 4/0) is fed into the silver powder layer which is then sent

through a set of calender rollers. The rollers compact the silver

powder to the desired electrode density. The compacted silver

powder, and silver expanded metal have sufficient strength to be

handled. This strip is placed in a preheated sintering furnace

which is maintained at 650°C for a two minute period. The

sintering process bonds the grid and the silver particles together

to provide the desired structural integrity. The strip is then

die cut into the appropriate size electrode. The porosity

reproducibly achievable by this process and sil power #130 is

(apparent density of 3.8 grams per cc) 63.8% and this is the

design porosity. Figure 7 shows the electrode size.

Separator Edge Seal

In the stack disc configuration it is necessary to provide

some sort of edge protection. If the silver electrode, separators

and the hydrogen electrode are sized to the same outside diameter,

there is a possibility of shorting caused by whiskers at the edges

of the electrodes and there is a potential silver migration path

around the edge of the separator material. Therefore, some edge

sealing or masking is required. The final design approach is to

extend the diameter of the separator material .16cm (1/16") beyond

the diameter of the electrode and this will prevent the shorting

problem and appears to be sufficient to minimize soluble silver

from bridging around the edge of the separator.
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Intercell Electrol[te Reservoirs

The IER are fabricated from Carbonyl nickel powders Inco

number 287. This enables the fabrication of a sintered porous

plaque that has the desirable mechanical integrity and a pore

size distribution in the 1 to 10 micron range at 80% porosity.

The hydrogen flow field is shown in Figure 8. This provides

for a hydrogen flow field depth and width of .17mm and a _ of

.64. To fabricate the IER's, a flat sheet of porous nickel is

sintered. The flow field is then coined into the sheet by

pressing a (8 x 8 x .017cm) (20 x 20 x .007") screen into each

face with a pressing die.

4.3 Cell Hardware

Pressure Shell

The pressure shell will be fabricated from Inconel 718. The

vessel has a nominally 6.35cm (2.5") diameter. The choice of

Inconel 718 material has been made on the basis of the following

features:

• The material is high strength, yield strength of 1,034MN/m 2

(150,000 psi) with an ultimate strength of 1,241MN/m 2

(180,000 psi).

• The can can be readily fabricated in thin walls of type

necessary to make a lightweight vessel•

• The Inconel is chemically stable and does not exhibit any

substantial hydrogen diffusion•

The minimum design criteria for the vessel is an operating

pressure of 3,447KN/m _ (500 spi) a proof pressure of 1 1/2 times

the operating, and a burst pressure 2 times the operating

pressure• However, due to material availability and weldability,

a greater wall thickness is utilized and the housing will have

a 2.9 safety factor to burst•

Terminals

The terminals are a plastic type compression seal sometimes

referred to as the Ziegler seal. The seal consists of an outer

metal busing (Inconel) that has an internal thread in it. A plug

of plastic is molded into the busing to fill all the voids and con-

forming exactly to the thread that is cut in the bushing• A hole

is then reamed in the center of the plastic to form a tight fit to

the terminal rod which is inserted in the hole. The outer barrel
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is then compressed in a crimpling tool. The concept of the seal

is by crimpting the outer barrel, the plastic material is held in

a compressive load in its elastic limit. If the terminal is sub-

jected to thermal expansion and contraction or stresses which cause

movement of the outer barrel or a change in diameter of the rod,

the plastic compensates for movement and the seal remains intact.

There is some latitude in the choice of the plastic for the

seal and the design is based on Kynar which is a high temperature

chemically resistant fluorocarbon.

The central terminal rod can be of a variety of materials

depending on the cell design. For the 20Ahr seal, the terminal

design utilizes a .32cm (1/8") diameter rod. A silver plated

copper rod will be utilized to minimize the IR drop for the 20Ahr

cell capable of operating at the one hour rate (20 amperes).

Stack End_lates and Tie Rods

To hold the electrode stack in compression two plastic end-

plates are utilized. The endplates are utilized. The endplates

will be fabricated from polysulfone. This material is chemically

stable in the AgO-H cells and has a high strength. The endplates

are molded with cross ribs to make a lightweight stiff construction.

The tie rods for the 20 ampere-hour size cell consist of four

.24cm <.093") stainless steel rods. They are threaded on the top

and bottom such that the bottom nuts support the endplate in a

flat plan across the bottom and the top nuts are utilized to

compress the stack. Epoxy is utilized £o lock the nut to be

stable in vibration.

4.4 Cell Design

Based on the materials and components described in the previous

section and the test results obtained in Task II, a final design was

prepared. There are a number of critical factors that must be

established to freeze the design. The key operating parameter is

the number of electrodes or operating current density. From an

analysis of the test results, a current density of 35mA/sq cm is

preferred and this was used as the basis. The factors of the

design are listed below:

i. Silver Utilization - 3.5 grams per ampere-hour

2. Silver Density - 3.8 grams per cc

3. Electrode number - 10
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• Operating Pressure Range - 689-3,447KN/m 2 WOO to 500 psi)

(for 20Ahr)

5. Starting Electrolyte Concentration 30% KOH

6. Pressure Vessel Diameter 6.35cm (2.4")

7. Electrolyte Reservoir F = .5 Total, Volume 14 cc

The quantity of hydrogen required for a 20Ahr capacity is

(20) .0376 gm/Ahr = .752 gm. A decision is made that the 20Ahr

will be achieved over 689 3,447KN/m (100-500 psi), therefore

the vessel requires a total of .94 g of hydrogen. The volume

of hydrogen taking into account the compressibility is determined

by:

Z

VH2 = --Xp

22,428

2.0154 (WH2) where;

VH2 = H2 volume

Z = compressibility factor (1.095)

P = pressure

W H = weight of hydrogen
2

From the compressibility data of hydrogen at 20°C, the storage
volume for hydrogen required is 330.5c_ (20.15in_). For a 20

ampere-hour cell the displaced volume; which includes the elec-

trolyte, which is absorbed in the electrodes and separator is

shown in Table XX.

Utilizing the displaced volume of 85.2cm 2 (5.2 in 3) and the

hydrogen volume of 330.5cm 2 (20.15in 3) the pressure vessel volume

is 415.7cm 3 (25.35in3). The cylinders design is based on an

arrangement of hemispherical caps on a cylindrical tube. For the

selected 6.35cm (2.5")diameter vessel, the cylinder length is

9.2cm (3.6 in.). The thickness of the pressure shell was deter-

mined on the basis of the thin wall pressure vessel theory and a

yield stress of 92,500 psi as shown in Table XXI. The weight

was determined on the basis of an Inconel 718 density 8.2gm/cc

(.296 ib/in3). The cylinder design is based on the dome thickness

being to the cylindrical shell thickness. Table XXII also shows

a weight breakdown of the cylindrical section and the domes.

Table XXIII Jhows the design of the IER based on the flow

field as presented in Figure 8. Table XXIV shows the design and

weight breakdown of the 20Ahr cell.
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TABLE XX

PRESSUREVESSEL SIZING

Stack Height

Thickness / Number

(cm)

Silver .076 x l0

Separator .040 x 20

IER .055 x ll

Hydrogen .013 x 20
Electrode

End Plate .24 x 2

.76

.81

.61

.25

.48

2.91 cm

Stack Displacement

Miscellaneous

2.94 x 24.8 72.1 cm

13.1 cm

85.2 cm

Pressure Vessel Volume 85.2 + 330.5 = 415.9 cm 3

Sphere Volume
36.32 Diameter 132.5 cm

Cylinder Length 415.7 - 132.5

30.64

= 9.2 cm
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TABLE XXI

PRESSUREVESSEL DESIGN AND

WEIGHT BREAKDOWN

Inconel 718 - Tensile Strength

Yield Strength
(.2% offset)

1,241 MN/m2

1,032 MN/_

(180,000 psi)

(150,000 psi)

Design Limit 1,241 _ 621 MN/m2
2

1,032or, = 688 MN/m2
1.5

PD 3 44 6.35
t = -- " = .017 cm

2S 621 (2)

use .025 cm due to material availability and weldability

Cylinder Weight

6.35 _ (.025) (9.22) (8.2) = 38 gms

Dome We ight

4 z (3.175) 2 9.025) (8.2) = 27

Weld Ring

6.35 x .025 x 1.27 (8.2)

TOTAL 71 gms

43



TABLE XXII

INTER-CELL ELECTROLYTERESERVOIRDESIGN

where

d = .34c"
= 26 [l-m]

6 = .007 in., .0039cm (flow field depth)

A = I0 (3.85)" = 38.5in, 248.3 cm (Cell area)

_<= .64 (Area in contact with anode/total area)

C = 20 (Cell capacity)

C.= 20 - .08 (Capacity/unit area)

248.3

E = .8 (Reservoir porosity)

F = .5 (Design factor, fraction of reservoir filled)

d = .06 cm, .024 inches (Reservoir thickness)

Reservoir Volume = cc 14 cc

Reservoir Weight = 30 gms.
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TABLE XXIII

DESIGN AND WEIGHT BREAKDOWNOF

20 Ahr Ag-H2 CELL

Component

Silver Electrode

Silver Grid

Silver Wire

Unit

Wt.

3.5gm/Ahr

.04gm/cm 2

Astropower Separator .06gm/cm 2

Hydrogen Electrode .04gm/cm 2

Nickel Wire

Electrolyte Reservoir

End Plates

Tie Rod

Total Stack

Pressure Vessel

Seals & Terminals

Electrolyte

Miscellaneous

Quantity Weight Total

(gms) (gms)

I0 7.OO 70

i0 1.03 i0

i0 .4 4

20 1.60 32

2O 1.0 2O

20 .5 i0

ii 2.7 30

2 9.1 18

4 3 12

206

71

15

10 x 5.0 50

15

Total

Estimated Energy Density

Volume

Actual 426 cm 3 (26in 3)

Estimated Energy Density

1.05 (20)

.357

1.05 (2o)

426

357 gms

(.785 ibs)

= 58.7Wh/Kgm (26.7Whr/ib.)

= .05Whr/cm 3 (.8Whr/in 3)
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5. DESIGN, FABRICATION AND TEST OF 20Ahr CELLS

The design and fabrication of four heavy wall housings to
accomodate 20Ahr electrode stacks was undertaken. Figure 9 shows
a sectional drawing of the 20Ahr assembly. The electrode stack
employed was of the same design and construction that would be
utilized in a lightweight cell with the exception that positive
and negative tabs come out the top of the cell and the lightweight
design cells for terminals out opposite ends of the cell. The
internal free volume within the heavy wall housing was sized for
the cell to operate over a pressure range of 689-3447kN/m 2 (i00
to 500psi). Figure i0 shows a photograph of the electrode stack
and Figure ii shows the assembly.

The cells were assembled and subjected to five acceptance
cycles, the data of which is presented in Tables XXIV through
XXXIII.
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FIGURE i0 20_r ELECTRODE STACK
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FIGURE ii HEAVY HOUSINGASSEMBLY
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TIME

0 Hr

50

0 MIN

i0

20

3O

4O

50

6O

70

72

I

(Ampere)

.8

.8

16.6

16.6

16.6

16.6

16.6

16.6

16.6

16.6

16.6

TABLE XXIV

CYCLE # 1

S/N 2 S/N 4

V P V P

(volts) (psi) (volts) (psi)

1.15 0 1.14 0

1.70 490 1.71 550

1.42 490 1.20 550

1.36 450 i.i0 485

1.16 395 i.i0 425

i.i0 340 1.10 390

i.i0 280 i.ii 325

i.i0 230 i. Ii 275

1.10 160 1.10 215

1.09 100 1.09 130

1.09 i00 1.07 120

REMARKS

Charge

Discharge
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TIME I
(Ampere)

0 HR 1

22.8 1

0 MIN 16.6

10 i6.6

20 16.6

30 16.6

40 16.6

50 16.6

60 16.6

70 16.6

72 16.6

TABLEXXV

CYCLE #2

S/N 2

V

(vo Its )

1.21

1.72

1.32

1.16

1.10

i.ii

1.11

1.10

i.i0

1.07

1.06

P

(psi)

i00

510

510

465

400

35O

285

245

170

165

95

S/N

V

(volts)

1.21

1.72

1.24

1.09

i.i0

i.i0

i.i0

i .09

1.09

1.08

1.08

P

(psi)

120

565

565

510

450

400

340

290

225

155

150

REMARKS

Charge

Discharge
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TIME

0

22.8

0

i0

20

30

40

5O

60

70

72

HR

MIN

I
(Ampere)

16.6

16.6

16.6

16.6

16.6

16.6

16.6

16.6

16.6

TABLE XXVI

CYCLE #3

S/N 2

V P
(volts) (psi)

1.21 87

i. 72 512

S/N 2

V
(volts)

1.21

1.72

P
(psi)

140

555

1.30 512 1.29 555

1.09 455 1.07 490

1.10 390 1.08 430

i. I0 350 1.08 395

i.i0 285 1.08 330

1.10 240 1.08 280

1.09 180 1.07 220

1.07 115 1.06 150

1.06 110 1.06 150

REMARKS

Charge

Discharge
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TIME

0

22.8

HR

I
(Ampere)

1

1

TABLE XXVII

CYCLE #4

S/N 2

V
(volts)

1,21

1.73

P
(psi)

ii0

520

S/N 4

V
(volts)

1.21

1.72

P
(psi)

150

560

Remarks

Charge

0

l0

20

30

40

5O

60

70

72

MIN 16.6

16.6

16.6

16.6

16.6

16.6

16.6

16.6

16.6

1.29

1.08

1.09

1.10

1.10

1.10

1.09

1.08

1.05

520

470

415

360

3OO

250

180

115

ll0

1.28

1.07

1.08

1,09

1.09

1.09

1.08

1.07

1.07

560

505

445

400

345

290

225

150

150

Discharge
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TIME

0
22.8

0

i0

20

30

40

50

60

70

72

HR

MIN

I
(Ampere)

1

1

16.6

16.6

16.6

16.6

16.6

16.6

16.6

16.6

16.6

TABLE XXVIII

CYCLE #5

S/N 2

V P
(volts) (psi)

1.21 ii0

1.73 540

S/N 4

V P
(volts) (psi)

1.21 150

1.72 570

1.27 540 i.ii 570

1.13 490 1.09 545

1.09 430 1.09 470

1.10 365 1.09 320

i.i0 1.09

i.ii 260 1.09 300

i. I0 200 1.08 240

1.09 140 1.05 175

1.06 120 1.03 160

Remarks

Charge

Discharge

54



TABLEXXIX

CYCLE #i

TIME

0 Hr

5O

0 MIN

i0

2O

30

4O

5O

6O

7O

72

I
(Ampere)

.8

.8

16.6

16.6

16.6

16.6

16.6

16.6

16.6

16.6

16.6

S/N 1 S/N 3

V P V
(volts) (psi) (volts)
1.18 0 1.18

1.68 390 1.68

P
(psi)

0

4OO

1.31 390 1.34 400

1.28 340 1.24 375

1.08 240 1.09 320

1.08 240 1.08 290

1.07 180 1.08 235

1.06 130 1.06 170

1.00 75 1.05 90

.95 20 .95 40

.75 i0 .75 20

REMARKS

Charge

Discharge

Added 100
psi
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TIME I
(Ampere)

0 Hr 1

22.8 1

0 MIN 16.6

i0 16.6

20 16.6

30 16.6

40 16.6

50 16.6

60 16.6

70 16.6

72 16.6

TABLEXXX

CYCLE #2

S/N i S/N 3

V P V P
(volts) (psi) (volts) (psi)

1.21 i00 1.21 120

1.72 540 1.72 565

1.34 540 1.33 565

1.16 490 1.27 510

1.04 430 1.09 460

1.09 350 1.10 400

1.09 285 1.09 340

1.08 270 1.09 290

1.08 220 1.09 245

.80 165 1.07 180

.80 155 1.06 170

REMARKS

Charge

Discharge

56



TABLEXXXI

CYCLE #3

TIME

0 HR

22.8

0 MIN

10

20

30

40

5O

6O

70

72

I
(Ampere )

i

i

16.6

16.6

16.6

16.6

16.6

16.6

16.6

16.6

16.6

SIN

V

(volts)

1.21

1.72

1.29

1.07

1.06

1.05

1.06

1.06

1.05

1.03

1.02

1

P

(psi)

155

560

560

510

45O

400

350

3O0

250

190

180

S/N 3

V

(volts)

1.21

1.69

1.32

1.21

1.06

1.06

1.07

1.07

1.07

1.06

1.06

P

(psi)

170

57O

57O

520

465

410

360

310

260

200

185

REMARKS

Charge

Discharge

57



TIME

0 HR

22.8

0 MIN

i0

20

30

40

5O

60

70

72

I
(Ampere)

i

i

16.6

16.6

16.6

16.6

16.6

16.6

16.6

16.6

16.6

TABLE XXXII

CYCLE #4

S/N 1

V

(volts)

1.21

1.70

1.26

1.06

1.05

1.05

1.06

1.05

1.05

1.02

1.01

P

(psi)

180

585

585

530

475

420

370

310

255

200

185

S/N 3

V

(volts)

1.21

1.70

1.29

1.15

1.06

1.06

1.07

1.07

1.06

1.05

1.05

P

(psi)

185

585

585

525

475

420

370

310

255

200

180

REMARKS

Charge

Dis=harge

58



TIME

0 Hr.

22.8

0 MIN

i0

2O

30

4O

5O

6O

7O

72

I
(Ampere)

1

1

16.6

16.6

16.6

16.6

16.6

16.6

16.6

16.6

16.6

TABLE XXXIII

CYCLE#5

S/N 1

V
(volts)

1.21

1.73

1.21

1.07

1.05

1.05

1.06

1.05

1.05

1.03

1.02

P
(psi)

185

59O

590

55O

5OO

445

385

325

270

215

205

S/N 3

V
(volts)

1.21

1.70

1.24

1.16

1.06

1.06

1.06

1.06

1.06

1.06

1.05

P
(psi)

180

585

585

540

490

440

375

320

260

205

195

REMARKS

Charge

Discharge
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6. CONCLUSIONS

The NASA Lewis - Astropower asbestos coated inorganic separator
material is accepted for use in silver-hydrogen cells. To prevent
edge shorting and silver bridging, a .16 cm extension of the

separator beyond the electrodes appears to be adequate initially.

The most significant cell design variable is the silver

electrode thickness which effects the operating current density

for a given discharge duration. For the 1.2 hour discharge period,

results indicate that a .076cm (.030") thick silver electrode

operating at 35 milliamps per square centimeter is optimum.

Experiments with and without electrolyte reservoirs, reveal that

the initial performance of silver-hydrogen cell is not effected

by this component. This means that one layer of separator

material and the silver electrode had sufficient electrolyte

inventory to provide normal performance. However, it was

demonstrated that the electrolyte reservoir does contribute its

share of electrolyte to the cell reaction reducing the overall

concentration shift. It would be expected that this would have

a positive effect in long term use by virtue of the increase

in the electrolyte inventory in the cell and the reduction of

concentration shifts that take place. Therefore, the final cells
contain reservoirs.

No extended life testing was conducted on the cells, and

therefore, questions remain of the long term acceptibility of

the separator material from a standpoint of silver migration

and the effectiveness of the extended separator edge to retard

silver bridging. Further, the cells studied contained no provision

to minimize electrolyte entrainment losses in the evolving gases.

This has been demonstrated to be a problem in nickel-hydrogen

secondary cells. Therefore, additional testing should be conducted;

and some added provisions should be made to the cell to minimize

electrolyte entrainment. The design of 20Ahr lightweight cells

resulted in an estimated energy density of 58.7 watt hours per

kilogram and .05 watt hours per cubic centimeter.

In the design, it is possible to make further weight re-

ductions by reducing the weight of the electrolyte reservoir and

it would be expected that cells could deliver approximately 66

watt hours per pound. Larger capacity cells would show further

improvement in energy density, since metal gas secondary batteries

are very size dependent and have a high inert to active weight

ratio in small capacity sizes. Large cells of the silver-hydrogen

system should be capable of energy densities in the 66 to 77 watt

hour per pound range. This combined with high rate discharge

capabilities, state of charge indication, overcharge capability

and reversal capability make it an attractive system. A reasonable

near term goal should be operating life in excess of 500 deep

6o



charge, discharge cycles. This would make it a very competitive
battery when compared against sealed silver-zinc, nickel-cadmium,

and nickel-hydrogen cells.
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